Objective: To examine the e¡ect of computerized decision support systems (CDSSs) on nursing performance and patient outcomes.
Introduction
In high income countries, nurses are taking on extended roles with greater decision-making responsibility, [1] [2] [3] including nurse-led first contact care, 4 chronic disease management 3 and independent nurse prescribing, 5 motivated by a desire to reduce costs and improve access to care. 3 Computerized decision support systems (CDSSs) are designed to aid clinical decision-making, matching patient characteristics to a computerized knowledge base to generate patient-specific assessments or recommendations. 6 CDSSs are being used by nurses in a number of extended roles, including management of asthma, 7, 8 angina 7 and diabetes 9 and first contact care. 10, 11 The impact of CDSSs on nurses' performance and patients' outcomes is uncertain. Previous systematic reviews have evaluated the effectiveness of CDSSs in clinical settings 6, 12, 13 with doctors as users. With increasing interest in such systems, there is a need to assess their effects on the processes and outcomes of nurses' decision-making, and to understand in what contexts CDSSs can support nurses' decision-making.
Methods

Eligibility criteria
The review sought to identify randomized controlled trials (RCTs), controlled clinical trials (CCTs), controlled before and after (CBA) studies and interrupted time series (ITS) studies, which assessed the effects of CDSS use by nurses in a clinical setting on measurable professional performance and/or patient outcomes.
Research Register and Social Science Citations Index up to April 2005. Searches were not limited by language. Search terms referring to the technology, such as 'decision support systems', 'expert system' and 'reminder systems', were used. The search was re-run in May 2006 to identify more recently published studies.
Reference lists of included studies and relevant reviews were also searched. Experts in the field were contacted to identify recently published work, conference publications and unpublished studies.
Selection
Two reviewers independently reviewed abstracts of identified references, rating each paper as 'potentially relevant' or 'not relevant' based on intervention and participants. The reviewers then reviewed the full texts of all potentially relevant papers and rated each paper based on intervention, participants and methods to select the final set of included studies. Disagreements between reviewers were resolved by discussion or by a third reviewer.
Validity assessment
Two reviewers, using criteria from the Cochrane Effective Practice and Organisation of Care Group data collection checklist, 14 independently assessed the methodological quality of included studies. Details of the criteria for RCTs can be found in Table 1 . Risk of contamination was felt to be important as previous studies have shown that nurses incorporate knowledge from CDSSs, using that knowledge when the CDSS is not available; 15 such inadvertent application of aspects of the intervention to the control group can dilute the effects of the intervention.
Data abstraction
For included studies, two reviewers independently abstracted data on methods, setting, participants, intervention (including CDSS characteristics) and outcomes. The studies substantially differed in type and number of outcomes assessed, and the majority of studies did not define a single outcome for statistical testing. Therefore, data were abstracted for all reported practitioner performance and patient outcomes. Disagreements between reviewers were resolved by discussion or by a third reviewer.
Quantitative data synthesis
The studies identified in the review varied in terms of the system being evaluated, clinical area and outcome measures. Therefore, statistical meta-analysis was not appropriate. Following earlier systematic reviews, 16, 17 reference outcomes were identified for each study, derived by calculating the absolute risk difference for all dichotomous performance measures and patient outcomes and identifying the performance measure and/or the patient outcome demonstrating the median effect. To preserve the meanings of the outcomes where there were an even number of outcomes, the lower of the two outcomes that surrounded the theoretical median was used as the reference outcome. In describing the results of the studies, focus was on the reference outcomes. Use of reference outcomes enables consistency of effects to be assessed across studies. Focusing on median rather than mean effects helps to eliminate skewing, based on one or two outliers with particularly large or small effect sizes. 16 Dichotomous outcomes were focused upon because they were reported more frequently, and continuous outcomes were rarely reported in enough detail for the standardized mean difference to be calculated. Since the Unit of allocation was by institution, team, or professional, and any random process is described explicitly OR the unit of allocation was by patient or episode of care and there was some form of centralized randomization scheme; an on-site computer system or sealed opaque envelopes were used 4 (57%) 18, 20, 22, 23 (2) Follow-up of professionals (protection against exclusion bias)
Outcome measures obtained for 80-100% of subjects randomized 6 (86%) [19] [20] [21] [22] [23] [24] (3) Follow-up of patients or episodes of care Outcome measures obtained for 80-100% of subjects randomized or for patients who entered the trial 7 (100%) [18] [19] [20] [21] [22] [23] [24] (4) Blinded assessment of primary outcome(s) (protection against detection bias)
The authors explicitly state that the primary outcome variables were assessed blindly OR the outcome variables are objective 6 (86%) [18] [19] [20] [21] [22] [23] (5) Baseline measurement Performance or patient outcomes were measured prior to the intervention, and no substantial differences were presented across study groups 5 (71%) 18, 19, [21] [22] [23] (6) Reliable primary outcome measure(s) Two or more raters with at least 90% agreement or kappa greater than or equal to 0.8 OR the outcome is obtained from some automated system 5 (71%) [18] [19] [20] [21] 23 (7) Protection against contamination Allocation was by community, institution or practice and it is unlikely that the control received the intervention hypothesized direction of effect differed between studies, in order to standardize reporting in this review, a positive difference reflects improvement. Absolute risk differences were calculated using Comprehensive Meta-analysis Version 2 (Biostat, Englewood, NJ, USA). Meta-regression was not appropriate because of the small number of studies.
Results
Description of studies
Eight studies described in nine papers were included in the final review ( Figure 1 ). Three studies compared nurses using CDSS with nurses not using CDSS. Five studies compared nurses using CDSS with other health professionals not using CDSS. Across the studies, more than 100 nurses and more than 24,000 patients acted as study participants. While four studies were concerned with anticoagulation management and three were concerned with telephone triage in first contact care, one study was concerned with glucose regulation in intensive care units (ICUs). Five of the studies were conducted within primary care; six studies were conducted in the UK.
Methodological quality
Risk of contamination was a concern in four RCTs. 18-21. One study involved only one nurse who provided treatment to patients in both arms of the trial. 21 Details of the validity criteria that were met are provided for each study at http://www.ingentaconnect. com/content/rsm/jhsrp/2007/00000012/00000004/ art00011.
Nurses using CDSS compared with nurses not using CDSS
The studies by Richards et al. 22 and Rood et al. 19 assessed the impact of CDSS in terms of practitioner performance ( All three studies assessed the effect of CDSS in terms of patient outcomes. White and Mungall 21 compared anticoagulation management by a nurse-specialist using CDSS with anticoagulation management by a nurse-specialist without CDSS. When CDSS was used, there was no significant difference in the number of patients with final prothrombin time within 2 s of the target time (risk difference 0.07, 95% CI À0.35-0.22, P ¼ 0.65). In the study of triage of same-day appointment requests, CDSS use had no effect on the number of practice-based consultations, emergency department consultations and out-of-hours consultations in the month following triage. 22 When CDSS was used for glucose regulation in ICU, there was no effect on the proportion of time blood glucose levels were within the target range (risk difference 0.01, 95% CI À0.13-0.15, P ¼ 0.85). 19 In summary, in one study CDSS use improved performance, 19 while in another it was associated with poorer performance, 22 and no study found an impact of CDSS on patient outcomes. However, two studies 19, 21 were too small to identify clinically important effects as statistically significant, if they existed. Equally, the finding of no significant difference may be the result of contamination in two of the studies. 19, 21 Nurses using CDSS compared with other health professionals not using CDSS In three RCTs, the targeted behaviour was anticoagulation management (Table 3) . 18, 20, 24 Two studies assessed telephone triage and advice in first contact care (Table 4) . 23, 25 One study of anticoagulation management assessed the impact of CDSS on practitioner performance. 20 This study was not powered to detect equivalence. The study compared acceptance of CDSS advice by the nurse practitioner with the agreement between junior doctors and the CDSS. CDSS use led to a significant increase in acceptance of dose and interval advice (risk difference 0.19, 95% CI 0.09-0.29, P ¼ 0.00), although level of acceptance depended on the target international normalized ratio (INR) range of patients, with nurse practitioners having significantly increased acceptance of CDSS advice for patients with a target INR range of 2.0-3.0 but not for patients with a target INR range of 3.0-4.5. All three studies of anticoagulation management assessed the effect of CDSS in terms of patient outcomes. In the pilot study by Fitzmaurice et al., 24 there was no significant difference in mortality, although the study was not powered to detect equivalence (risk difference 0.16, 95% CI À0.14 to 0.46, P ¼ 0.31). In the study by Vadher et al., 20 the level of INR control varied depending on the target INR range of patients, with nurse practitioners using CDSS being significantly better at INR control than junior doctors for patients with a target INR range of 2.0-3.0 but not for patients with a target INR range of 3.0-4.5. In the second study by Fitzmaurice et al. 18 there was no significant difference in the rates of serious adverse events with CDSS (risk difference 0.02, 95% CI À0.02-0.05, P ¼ 0.39), and all other patient outcomes showed a non-significant difference.
Both triage studies assessed the impact of CDSS in terms of performance measures and patient outcomes. In out-of-hours first contact care, CDSS use by practice nurses for telephone triage led to a significant reduction in the percentage of calls managed with telephone advice from a GP (risk difference 0.34, 95% CI 0.33-0.36, P ¼ 0.00). 23 In triage of same-day appointment requests, CDSS use led to a decrease in GP appointments (risk difference 0.23, 95% CI 0.20-0.26, P ¼ 0.00). 25 In out-of-hours telephone triage, there was a reduction in adverse events in the intervention group, with a significant difference in two of the four measures. 23 The upper 95% CI for the number of deaths within seven days of contact with the service in the intervention arm was well within the limits of equivalence (risk difference 0.00, 95% CI 0.00-0.00, P ¼ 0.48). In triage of same-day appointment requests, there was a significant difference in all three patient outcome measures (number of out-of-hours consultations, number of accident and emergency visits and number of return consultations), all favouring the control group. 25 In summary, three RCTs comparing nurses using CDSS with doctors for anticoagulation management found no significant difference in terms of patient outcomes, suggesting that CDSS may help nurses to manage anticoagulation as effectively as doctors. However, these studies were underpowered to detect important adverse consequences of poor anticoagulation management such as death. The two studies of triage for first contact care suggest CDSS to be beneficial in terms of performance, with significantly decreased GP workload when nurses used CDSS. While one study suggests that CDSS is detrimental to patient outcomes, 25 another study suggests that it is CDSS to be beneficial in terms of some patient outcomes. 23 
Discussion
The present enthusiasm for supporting health care practice through introduction of new technologies means that CDSSs have been introduced without adequate evaluation. CDSSs are being used to support nurse-led first contact care in walk-in centres and accident and emergency departments. 11 Current evidence on the benefit of such systems for telephone triage is equivocal and no clinical trials to date have evaluated their use in face-to-face consultations. Evaluation is also needed of CDSS for nurse-led chronic disease management; while such systems have been evaluated in studies involving nurses, the studies fail to distinguish between different practitioners when reporting results. [7] [8] [9] CDSSs are complex interventions comprising a number of components: the system itself, the protocol on which it is based, its users and the processes that surround its use. 26 Although all studies included in this review are concerned with CDSS, there is heterogeneity in the way the interventions work, the protocols they are based on and the decision tasks they support. Differences in results across the studies suggest that future studies should seek to explore the significance of each component for nursing performance and patient outcomes. A previous systematic review of CDSS found the following features to be important in improving clinical practice: automatic provision of decision support; provision of recommendations rather than just assessments; and provision of decision support at the time and location of decision-making. 13 When all these features were present, practice was significantly improved in 94% of trials. However, while the system descriptions suggest that these features were present in the studies included in this review, the results were still inconsistent. We need to look further to understand differences in the results. While failure to apply CDSS recommendations has been cited as a reason for CDSS not having the expected impact, 27 for a number of studies in this review, the results suggest that the failure lies with the protocols on which the CDSS is based. In the study of CDSS for glucose regulation in ICU, adherence to the recommendation was high and yet the difference in time spent in normal range was too small to be clinically important, leading the authors to suggest that there was need for improved protocols. 19 In triage of sameday appointment requests by practice nurses using CDSS, compared with standard care, CDSS use led to a significant reduction in GP appointments but was also associated with increased use of out-of-hours and accident and emergency services. 25 The authors suggest that this could be because patients' needs were not adequately met by the triage system. Again, this points to the need to look at the protocols on which the CDSS is based.
Perhaps the most complex study to interpret was the management of same-day appointment requests, comparing NHS Direct nurses using CDSS with practice nurses using clinical protocols. 22 Patients triaged by the NHS Direct nurses were less likely to have a consultation with a nurse as their final point of contact and more likely to have a consultation with a general practitioner, interpreted as a negative outcome because of the increase in GP workload. The authors speculate that the difference in performance could be because the practice nurses are the same nurses who subsequently see patients face-to-face, and therefore they have a greater sense of what a practice nurse can manage. There is a need to compare the protocols used in the two arms of the trial. The CDSS currently used throughout NHS Direct does not have 'nurse consultation' as an option, instead having the following options: A&E, immediate or routine contact with a general practitioner, advice on self-care at home, and information giving. 28 Creation of complex protocols such as those used for triage requires a prioritization of certain performance measures above others; while the aim of the protocols used in the control arm of the trial may be to reduce unnecessary GP appointments, the software used by NHS Direct nurses seeks to minimize malpractice risks. 28 It is first necessary to evaluate adequately the protocol before development of a CDSS begins. Then the CDSS should be evaluated against its paper-based counterpart, 27 following the phases outlined in the MRC framework for evaluation of complex interventions. 26 As well as enabling evaluators to distinguish between the impact of the protocol and the impact of the technology, evaluating the CDSS against its paper-based counterpart would help identify contexts in which a paper-based solution is as effective, preventing unnecessary expenditure on computerbased interventions. In order to distinguish between the impact of the CDSS and the impact of the practitioner, data should be collected on levels of use and on adherence to recommendations. If adherence is greater in one arm of the trial, reasons for this can then be explored; collection of qualitative data could be useful for this, as demonstrated by qualitative studies of CDSS use in first contact care. 28, 29 As discussed above, contamination is a significant issue facing RCTs in this area as inadvertent application of the intervention, or aspects of the intervention, to the control group can dilute the effects of the intervention. Therefore, randomization should be at the practitioner or unit level. There is enormous unexplained variation between health professionals using CDSS and this must be considered in study designs; it is important that more than one nurse be included in the trial and that the actual number of nurses included in the trial should be reported.
